The water-rat Nectomys squamipes is mostly important non-human host in schistosomiasis mansoni transmission in Brazil, due to its susceptibility, high abundance and water-contact pattern. During experimental infection of N. squamipes with Schistosoma mansoni, adult worms show phenotypic plasticity. This finding led us to investigate whether biological behavior is also affected. This was assessed comparing the biological characteristics of four S. mansoni strains: BE (State of Belém do Pará), CE (State of Pernambuco), CMO (State of Rio Grande do Norte) and SJ (State of São Paulo) using laboratory-bred N. squamipes. The infection was monitored by determination of the pre-patent period, fecal egg output, egg viability, intestinal egg count and, infectivity rate. No biological modification was observed in these parameters. Overall results highlight that N. squamipes was susceptible to several S. mansoni strains, suggesting that it might contribute to the maintenance of schistosomiasis mansoni in Brazil.
INTRODUCTION
Parasites have profound effects on host ecology and their effects are often influenced by the magnitude of host susceptibility to parasites. Wild rodents live in different environments causing them to be especially susceptible to a broad range of parasites. Schistosoma mansoni is the most widespread of the human-infecting schistosomes. However, rodents in both the Africa and the Neotropics also develop natural infection 1, 9, 24, 35 . In addition, the possibility of closing the S. mansoni cycle without human participation had been demonstrated with rodents 2 or bovine 22 acting as final host. In Brazil, the water rat Nectomys squamipes (Rodentia:Sigmodontinae) is an important nonhuman host in schistosomiasis transmission, due to its susceptibility, high abundance, water-contact pattern 6 , and daily activities 4 . Epidemiological surveys have demonstrated naturally-infected N. squamipes in several places: Maranhão, Alagoas, Sergipe, Bahia, Minas Gerais, São Paulo, Paraná and Rio de Janeiro 31 . The role of N. squamipes in the transmission of schistosomiasis in the municipality of Sumidouro, Rio de Janeiro, Brazil, has been reported by biological, epidemiological and ecological studies 6 . The results showed that levels of infections did not change when the human population was treated with antiparasite drugs. The authors found in some occasions a positive correlation between infection rodent rates and infection human rates. Although schistosomiasis can provoke severe damages to humans, rodents are permissive hosts with life-long infections 18 , which do not affect their life span 33 or reproductive capacity 6 . In addition, morphometric analysis of hepatic granulomas showed that all measurements were smaller in naturally infected N. squamipes compared to mice 3 . Another study made biological and histopathological comparisons between Brazilian laboratory-reared strains of S. mansoni (BH -Belo Horizonte, MG and SJ -São José dos Campos, SP) and newly strain (SR -Campinas, SP) 38 . The authors showed that at week eight post-infection, the new strain was less pathogenic than the other two, since a lower number of hepatic granulomas and a smaller granuloma size were found 38 . Earlier studies demonstrated that N. squamipes could also be used as an alternative animal model in basic biological studies on schistosomiasis 20, 34 .
Host-induced morphological changes (phenotypic plasticity) have been described in parasitic flatworms which are maintained in different hosts rather than their natural 25 . Phenotypic plasticity also occurs in S. mansoni 26 . However, it remains to be seen whether the phenotypic plasticity has biological implications for this helminth. To this end, the course of S. mansoni infection was monitored in experimentalinfected N. squamipes. Parasite maintenance and rat infection procedures -This study was conducted using four different S. mansoni Brazilian strains: BEstate of Pará (01°28'03"S; 48°29'18"W), CM -state of Pernambuco (08°00'08"S; 35°01'06"W), CMO -state of Rio Grande do Norte (05°45'54"S; 35°12'04"W), and SJ -state of São Paulo (08°45'48"S; 34°54'47"W). The life-cycle has been maintained through successive passages in SW mice and laboratory-reared sympatric snail: Biomphalaria glabrata (BE, CM and CMO strains) or B. tenagophila (SJ strain) for more than five years at Department of Malacology, Oswaldo Cruz Institute, Rio de Janeiro.
MATERIAL AND METHODS
Groups of 10 rats (3-4 weeks), body weight (250-300 g) were infected by subcutaneous injection of ~250 cercariae from a single strain.
Parasite infection intensity -Stool samples were collected over a 24-h period, three times a week from each rat from day 42 until 61 following cercariae exposure. The feces were read in duplicate by the Kato-Katz method processed (Helminth Tec®, Belo Horizonte, Brazil) in order to determine the number of eggs per gram of stool (epg). The egg viability was determined according to the flame cell or/and miracidium motions in histological slides by light microscopy, as previously described 21 . On day 63 post-infection, all rats were killed by cervical dislocation. Adult worms were recovered from the portal system and mesenteric veins, counted in a stereomicroscope and infection rate was assessed as a percentage of cercariae that had matured into adult worms 12 .
Tissue egg counts -The intestines of infected rats were removed and divided into four equal regions of equal length (proximal, medial distal and cecum), as previously described 33 . After solubilization in 10% KOH solution, eggs were counted under a light microscope, and values were extrapolated to the total organ content, as described elsewhere 21 . A fecundity index was calculated by the total number of eggs trapped in tissues divided by the total number of female worms.
Statistical analysis -Data analysis was performed using the Statistical Package for Social Sciences (SPSS) version 9.0. Groups were compared using Mann-Whitney, Regression and linear correlation tests and analysis of variance (One Way Anova) and the post-hoc test of Tukey. To assess correlation between variables, Pearson correlation test was used. p ≤ 0.05 was considered as statistically significant.
RESULTS
Parasitological findings -All animals became infected. Egg laying began after 40 (BE and CM strains) or 42 days (CMO and SJ strains) of infection. Few eggs were present in the feces of N. squamipes during the first weeks of examination. The fecal egg-laying peaked on 47 (BE, CMO and SJ strains) or 51 dpi (CM strain) and decreasing thereafter (Fig. 1) . The animals infected with the CM strain presented highest egg excretion level than other strains. Viable eggs were observed in all experimental groups.
Regarding the pre-patent period and overall fecal egg counts no significant differences (p > 0.05) were found ( Table 1 ). The BE strain presented lower infectivity and fecal egg excretion. Eggs concentrated mainly in the distal section in the small intestine (Fig. 2) everyone strain (p = 0.406). The cecum harbored fewer eggs however, significant differences (p = 0.0001) were observed: 1% (CMO), 3% (CM), 7% (SJ) and 10% (BE). Regression and linear correlation analyses performed on the egg distribution demonstrated a correlation between tissue counts and total number of female worms (p = 0.001 and r = The infectivity rate was similar between SJ and CM strains (29.4 ± 15.4), BE (20.6 ± 10.7) and CMO (16.9 ± 11.2) strains (Table 1) however, no significant difference (p = 0.213) was found. The male/ female sex-ratio was 1:1.
DISCUSSION
The present findings pointed out the importance of obtaining comprehensive biological data, which should support epidemiological observations. Vertebrate hosts behave as biological filters to parasites selecting phenotypes and genotypes within natural populations 8 . Hence, parasites may recognize the physiological and biochemical conditions of their hosts that are of selective importance 36 . The ability to adjust growth and reproduction to immediate local conditions would have been of great interest adaptive value to parasites 30 . Moreover, a successful parasite established within the host is capable of developmental responses to host immune factors, which are closely linked to increase the probability of transmission 7 .
Preliminary investigations indicated that vertebrates host exerted strong influence on the morphological features of adult flatworms. The outcome of this interaction is that specimens maintained in other hosts rather than their normal ones display a phenotypic plasticity 17, 21, 25, 26 . This result prompted us to next examine whether biological behavior is modified on account of the phenotypic plasticity.
The key issues in the occurrence of phenotypic plasticity are of biological and epidemiological relevancies. Regarding the experimental model employed here, biological characteristics were not affected, despite strains have been grown on mice for decades. It is worth emphasizing that all strains compared favorable with experiments using mice models. Adult worms attain "normal" dimensions 16, 27, 29 and supernumerary testes lobes are found 14, 17, 21, 27 . The biological characteristics were not affected, because the pre-patent period, tissue egg distribution and egg laying reproduced observations in mice 15, 21, 28 . Our results showed that CM strain presented highest egg excretion level than other strains. FERNANDEZ & THIENGO 11 have proved that five populations of Biomphalaria straminea from Goiás State located in the central part of Brazil were susceptible to this schistosome strain. Only CMO strain showed lower egg count in the large intestine. This finding may reflect differences in the wandering capacity among the strains 37 . The female transportation towards egg-laying site is subordinated to male's complex and well-developed musculature 19, 23 . We have previously described biometric variations in worms from CMO strain 16 .
In this study, overall results confirm that N. squamipes is a permissive host to S. mansoni 17, 18, 20, 32, 33, 34 . It must be also emphasized that S. mansoni adult worms might detect signals from their environment and responding appropriately in a state-dependent manner could greatly enhance its fitness 36 . The present study highlights the importance of water rat as a reservoir host for S. mansoni strains that might contribute to dispersion of schistosomiasis mansoni in Brazil. Moreover, from a public health perspective, if schistosomiasis mansoni control program is to be instituted in areas where water rats are commom, the program should take into account their epidemiological role 13 . More comparative studies are needed to investigate the occurrence of phenotypic plasticity among field S. mansoni strains. 
RESUMO

